ABSTRACT This study proposes critical limits (CL) for control points for halal slaughter (CPHS). Previously, 6 control points (CP) were determined, and CL for these 6 CPHS are suggested based on: 1) a literature survey for the CL for CP 1 (poultry breeding, rearing, and poultry feed) and CP 2 (welfare of poultry during transportation and lairage); 2) a field survey of slaughter plants in Kuantan (Malaysia) for CP 3 (immobilization), CP 4 (slaughter), CP 5 (time for full bleed-out), and CP 6 (washing and packaging); and 3) controlled experiments to refine the CL for CP 3, 4, and 5. The CL for CP 1 focused on stress reduction during rearing and use of substances that could compromise poultry meat wholesomeness. The CL for CP 2 emphasizes humane best-practices for handling poultry during lairage. The CL for CP 3 suggests a gap of 5 s between 2 shackles if only one shackler is employed and shackling times of <1 min for live chickens. In countries permitting water-bath electrical stunning of halal poultry, the stunning current needed to induce unconsciousness must be defined for the breed and bird size but not cause any chicken deaths. The CL for CP 4 mandates the recitation of the tasmiyah (the invocation), which if done for every chicken, will require ≥5 s between stunning and neck cutting. The CL for CP 4 also includes information about the slaughter knife. In CP 5 the recommended minimum time between neck cutting and scalding is 9.5 min. Finally, the CL for CP 6 emphasizes good supply chain hygiene and zero adulteration from haram species and substances.
INTRODUCTION
At the global level a number of government and nongovernment organizations are exercising the authority to certify halal (Arabic: permissible) meat products. Depending on the country and their predominant schools of thought, the criteria to label a product as halal might vary. For instance, pre-slaughter electrical stunning (ES) is considered permissible in some countries for halal meat production, while other countries do not allow it. Lever and Miele (2012) attempted to highlight efforts to harmonize the global halal market through the use of standards that often include economic as well as animal welfare factors, which makes their acceptance by others difficult. Recently, Shahdan et al. (2016) proposed 6 control points (CP) for halal poultry slaughter based on the fundamental guidelines derived from the Qur'an and the Hadiths (Arabic: the sayings and living examples of Prophet Muhammad, peace be upon him). The proposed control points C 2016 Poultry Science Association Inc. Received July 12, 2016. Accepted October 27, 2016. 1 Corresponding author: m.tariqur.rahman@gmail.com for halal slaughter (CPHS) will promote a systematic monitoring and evaluation of the halal integrity of products from industrial poultry slaughter plants. The following are brief descriptions of the proposed CPHS: CP 1 describes the permissibility and prohibitions with poultry feed ingredients; CP 2 emphasizes the Islamic requirements for humane handling of poultry; CP 3 describes the permissibility of methods for immobilization during slaughtering; CP 4 describes the intention of slaughtering and permissible equipment for neck cutting; CP 5 describes the requirements for ample time between slaughter and scalding, to maximize full bleed-out and also to ensure the chickens are dead before they enter the scalding tank; and finally CP 6 describes the restriction to avoid meat adulteration with fecal residues and blood (Shahdan et al., 2016) .
Like other systematic approach to monitor quality and safety in the food industry, CPHS also requires critical limits (CL) for each control point. The CL for each CP for halal poultry slaughter would allow identification of the limits of acceptability that would prevent a product from becoming haram (Arabic: unlawful) or shubhah (Arabic: doubtful). The aim of this report is In each slaughter plant, there was more than one trained slaughter man, but they normally take turns to slaughter, so that only 1 or 2 men are stationed at the slaughter point at one time.
to develop and define appropriate CL for the respective CP proposed earlier by Shahdan et al. (2016) .
Each CL, in general, requires a minimum or maximum quantitative index (value) or both. For example, if ES is permissible, the lowest current applied to preslaughter ES that can cause death of a chicken (which then makes the animal haram) prior to neck cutting, would have to be above the upper CL for halal. Hence, slaughter plants that are permitted to use pre-slaughter ES must stun below that CL. Nevertheless, not all CP can be assigned a quantitative CL. For example, meat from chicken fed with filth and animal manure might be considered as haram or shubhah, depending on the subjective assessment of the CPHS auditors or respective halal certification body (HCB). In this case, the absence of filth and animal manure as ingredients for poultry feed can be a qualitative CL. Therefore, the CL suggested here are a starting point for a HCB to develop their appropriate standards.
MATERIAL AND METHODS

Defining Critical Limits (CL) for the Control Points (CP)
The CL for the respective CP were determined in 3 different ways: 1) results from a literature search of the published research on different aspects of poultry rearing as well as factors affecting lairage, which are considered critical as they may compromise the halal integrity of the end product; 2) a field survey to evaluate current practices in 3 poultry slaughter plants in Kuantan, Malaysia, which are certified for halal meat production by Jabatan Kemajuan Islam Malaysia (JAKIM), the Department of Islamic Development Malaysia under the Department of the Prime Minister of Malaysia; and 3) experiments using controlled laboratory conditions to evaluate parameters that either could not be defined using data from the slaughter plants or required further precision to be suggest as a CL. For example, a laboratory setting was needed to determine the CL for the time gap between neck cutting and the point when the chickens become insensible (loss of eye reflex and other head reflexes).
Literature Survey
The literature survey used the PubMed (http://www.ncbi.nlm.nih.gov/pubmed/), ScienceDirect (http://sciencedirect.com/), and Scopus (http:// www.scopus.com/) databases. Possibly useful peerreviewed papers were then obtained and read. For CP 2, "lairage," "unloading," "broilers stress," and "pre-slaughter poultry" were used as search terms.
Field Survey
The field survey included observations of 1,513 broilers in 3 poultry slaughter plants ( Table 1) that were chosen because they process a widely used commercial broiler and receive certification from JAKIM to produce halal meat using electrical water-bath stunners. The mode of transportation from farms to the slaughter plants, time of arrival at the plants, starting time of removal of chickens from their transport vehicle, mode of unloading chickens through to shackling, and mode of slaughter were evaluated (Table 1) . Time spent at various steps of meat processing (as illustrated in Figure 1 ) were evaluated using a hand held 7-digit stopwatch (Casio, Oakland, NJ) . The number of broilers removed from the processing line by plant personnel was also recorded. Chickens were rejected by the plant personnel when the chickens: 1) failed to exhibit spontaneous wing flapping, pupil reflex, comb pinching response, and heartbeat after coming out of the stunner; 2) showed signs of heartbeat at the point of entrance to the scalding tank; or 3) when the personnel detected an incomplete cut of the carotid arteries and the Steps in chicken processing plants along with the critical limits (CL) for control points (CP) for halal slaughter. Typical steps for chicken processing are labeled according to their respective CP and shown in the top grey boxes. Abbreviations used in this study to describe CL for each step are listed in the bottom boxes. t hang = Time gap between 2 shackles during shackling; t shack = Shackling time before the chicken reaches the water bath stunner; t stun = Duration of stunning; t lap = Time lapse between stunning and neck cutting; t bleed = Time between neck cutting and scalding; and t scald = Time for scalding. jugular veins of the chickens, as the chickens came out from the feather plucking machine. Signs of heartbeat were determined by visual and physical inspection such as by feeling the chicken's breast for chest movement. For 2) and 3), personnel in the slaughter plants would take turns doing the inspections. It is also a requirement for JAKIM-approved slaughter plants to employ personnel who had received training on halal slaughter.
Laboratory Experiments
The broilers used were 42-day-old Ross (n = 46), weighing between 1.6 and 2.6 kg, that were purchased from one of the slaughter plants. Broilers were delivered by truck in the morning to the laboratory, kept in their plastic crates (10 birds per crate) within the building for at least 1 h of lairage, and slaughtered within 4 h of delivery. The slaughtering was done at the outdoor (temperatures between 30 and 32
• C) premises of the Faculty of Science, International Islamic University Malaysia (IIUM) in 4 batches with the approval from the IIUM Research Ethics Committee and IIUM Animal Ethics Policy Committee. The first 3 batches were done between December 2010 and May 2011, while the fourth batch of slaughtering was done in April 2014.
Stunning A water-bath stunner was built by the Biomedical Engineering Laboratory, National University of Malaysia by assembling relevant electrical equipment (Contact Voltage Regulator, OET, Beijing, China and a multimeter, Pro'sKit R MT-125, Taipei, Taiwan) purchased from local electrical shops. The stunner was designed to provide a square alternating current wave with a voltage range of 0 to 250 V to allow for the adjustment of voltage as used by the different slaughter plants (Figure 2 ). In this study, the stunner was pre-set to 30, 100, 125, or 200 V. Chickens were individually stunned for 5 s, following the method for single-bird stunning as described by Hindle et al. (2010) . Current was measured using the multimeter installed in the stunner. The resistance (R) during stunning was calculated using Ohm's law, where the current flow 1) is proportional to the voltage applied (V) and inversely proportional to R. R is the sum of the series of impedances, thus R = R stun + R chick , where R stun is the resistance of the stunner and R chick is the chicken's resistance. Without chickens, the circuit was completed by allowing the current to pass through the shackle, which was in contact with the water bath, thus R = R stun , and this is assumed to be constant throughout the experiment. When the chicken is shackled and placed in the stunner, the R values change as R chick varies.
Slaughtering
After stunning, chickens were observed for 10 s for the presence of breathing, pupil reflex, and a positive response to comb pinching (FAWC, 1982) . Once the chicken was confirmed to be alive, neck cutting on the ventral part of the broiler's upper neck was done manually using a 30-cm stainless steel knife (shape of the knife is illustrated in Fig. A1 ), to sever the major blood vessels and possibly also the esophagus and trachea, although this was not monitored, while keeping the spinal cord intact. The knife was sharpened using a stone and re-sharpened between birds. The cut was made from the downward to the upward position (Appendix), with a maximum of 3 continuous strokes (bilateral directions) for any one chicken. Time to death (t d ) was recorded using the stopwatch as the time between neck cutting and the absence of pupil reflex, comb pinching response and finally, heartbeat, once spontaneous wing flapping was stopped. The stopwatch started immediately at neck cutting and stopped when no heartbeat was detected in the chicken. Other parameters were also recorded such as the chicken's gender and live body weight (BW). The sexing of the chickens was determined based on the shape and color of combs (males have larger combs with brighter red color as compared to females, which have smaller combs and are paler red), as well as the BW (male broilers have higher BW than the females).
The term "insensible" is the operational definition used for defining death religiously and is taken as the cessation of the heartbeat. Other authors have used wing flapping and heartbeat as well as the response to comb pinching to describe the signs of live chickens. Each HCB will have to use their own standard to define both the life and death of chickens.
Statistical Analysis
The data collected during visits to the slaughter plants were analyzed using analysis of variance (ANOVA), assuming non-variant means. The correlation of stunning voltage and current with BW, resistance and t d were analyzed using ANOVA and Spearman's correlation. All calculations were done using IBM SPSS Statistics for Windows, version 20.0 (IBM Corp., Armonk, NY).
RESULTS AND DISCUSSION
In this study, values for CL have been suggested based on the 6 CPHS for poultry proposed by Shahdan et al. (2016) . Although the field survey was conducted in Malaysia, results and discussion included in this paper will attempt to address some of the different opinions of Muslims worldwide that might impact these CL. However, since the study was conducted in Malaysia, the opinions of JAKIM as the single authorized body in Malaysia to define, monitor, and verify the halal integrity of food and products, are considered.
CL for On-Farm Practices (CP 1)
Optimum Space and Natural Growth Rate Stocking density not only influences the growth rate of broilers, but can have impacts on feed intake and feed conversion, mortalities, diseases, and bird behavior. Available standards for stocking density, such as those published by the National Chicken Council (USA), the Farm Animal Welfare Compendium (UK), and the European Commission, can provide an appropriate basis for this CL. An acceptable range for stocking density of adult-sized broilers is 34 to 41 kg/m 2 , based on the recommendations from these documents ( Table 2) . To minimize problems such as lameness, immobility of the birds, and violation of natural growth rate, the use of much slower-growing breeds or broiler breeds without growth promoters can also be suggested, but this also may have negative implications for sustainability, e.g., more feed intake per kg of BW gain, and that must also be recognized. Carefully formulated feed, access to a plentiful supply of clean water, professional veterinary attention, and proper handling are all important factors in the production of high-quality poultry meat. Indirect factors such as culling diseased chickens or euthanasia, although their absence may not compromise the halal integrity of the meat, should nevertheless be a part of the standard operating procedures for maintaining the broiler animal welfare.
Ingredients in Poultry Feed A number of ingredients that are currently being used in poultry feed to rear poultry, such as meat and bone meal (MBM), blood meal, animal manure, and antibiotics, can compromise the halal integrity of poultry meat. Since the outbreak of transmissible spongiform encephalopathies, many countries have restricted or banned the use of MBM in poultry feed. Notably, the use of MBM for livestock feeding was banned in 2002 in the European Union (Regulation (EC) No 1774/2002). The sources of MBM are distinguished between those that originated from ruminants and non-ruminants. The latter include fish, poultry, and pork. The use of MBM processed from bovine, fish, and poultry is generally acceptable for halal, while that from pork generally will be considered as compromising the halal integrity of the poultry. Therefore, based on the Qur'anic prohibition on consuming blood and the practice of the Prophet Muhammad to avoid najis (Arabic: ritually unclean), the HCB must include within a CL the issue of considering poultry feed composition.
Antibiotics, Growth Promoters, and Drugs in Poultry Feed
Antibiotics are added in poultry feed and water at non-therapeutic levels to promote growth and improve feed efficiency. Antibiotic residues have been detected in meat and eggs (Barton, 2000; Donoghue, 2003; Dibner and Richards, 2005; Sapkota et al., 2007) , although many countries monitor the meat supply to assure the absence of antibiotics and to be sure farmers adhere to official withdrawal times. A direct impact of these residues in humans is that they can cause an allergic reaction in sensitized individuals (Barton, 2000) . There is also a risk of transferring antibiotic-resistant genes from the poultry enteric flora to human pathogens (Barton, 2000; Donoghue, 2003) . In Islam, consumption of food that is harmful to humans is forbidden. Thus, depending on the country's own regulation of poultry feed ingredients, the religious authority will be able to decide on the unacceptable ingredients for poultry feeds ( Table 2) . As agriculture moves towards responsible use of antibiotics, new compounds are being proposed to replace the role of antibiotics. These will need to be halal compliant.
Changing the Fair Nature of the Poultry Most large-scale broiler production use chicken breeds (transgenics) that have been obtained through the genetic selection of desirable traits acquired through natural hybridization (cross-breeding) of highly inbred strains, such as the Ross and Cobb strains. In recent years, transgenic chickens have become available, and have been designed to be "bioreactors" for protein and vaccine expressions (Harvey & Ivarie, 2003; Harvey, Speksnijder, Baugh, Morris, & Ivarie, 2002; Lyall et al., 2011; Nishijima & Iijima, 2013) , although none are currently approved anywhere for use as food. The determination of whether transgenic animals will be halal or shubhah is still being debated (Moosa, 2009; Rahman, 2013) based on the principle that Islam rejects the act of changing the nature of creation, although microbial and transgenic crops have generally been accepted. Nevertheless, since breeding transgenic chickens for meat is not a current issue, no CL will be proposed at this time, but the HCB should continue monitoring this issue.
CL for Welfare of Poultry during Transportation and Lairage (CP 2)
In the field survey, chickens were transported in crates at a stocking density of 46 kg/m 2 . This is higher than the stocking density (33 to 39 kg/m 2 ) recommended by the National Chicken Council (USA). Stocking density in crates should be lower than the recommended space in the farms since during transit broilers are subjected to many stress factors such as vibration and shaky movements, heat stress, fasting, and long-distance travel. These factors often affect the health status of the chickens as they arrive at the slaughter plants and are prepared for slaughter (Petracci et al., 2010) . In fact, high stocking density per crate often results in high number of broilers that are dead on arrival.
In the field survey, upon arriving at the slaughter plants, loose crates containing chickens were either kept on the open trucks or transferred to a shaded area (Table 1) , and these are considered as lairage for the chickens. The night outdoor air temperature in Kuantan, Malaysia varies from 24 to 27
• C, which is in the acceptable range for poultry comfort.
The holding time between the arrival of the chickens at the plants and the slaughtering process, is referred to as the "lairage time" (Knowles et al., 1996) or "recovery period" (Zhang et al., 2009 (Zhang et al., , 2010 . In all of the slaughter plants visited, lairage time varied from 3 to 12 h. A decrease in pre-slaughter mortality of broilers was observed when the lairage time was increased to longer than 1 h (Vieira et al., 2011) . Moreover, Oba et al. (2009) showed that meat pH and water-holding capacity were not affected when the lairage time was between 0 and 3 h, but the breast meat color was the least favorable when lairage time was only 30 min Time gap between hanging 2 chickens, t hang (s) 2.2 ± 0.7 a (n = 8) 1.53 ± 0.07 b (n = 8) 2.2 ± 0.4 (n = 9) Shackling time for each chicken to reach water-bath stunner, t shack (s) 41 ± 10 a (n = 9) 21 ± 1 b (n = 9) 27 ± 11 b (n = 10) a,b Means within the same row marked with different superscript are significantly different (P < 0.05). Mean ± standard deviation (SD). (Oba et al., 2009 ). In contrast, another study reported that keeping chickens in lairage for longer than 1 h is detrimental to the chicken's welfare (Petracci et al., 2006) , due to the heat stress and water deprivation (Oba et al., 2009; Vieira et al., 2011) . Apart from providing an optimum and conducive environment during lairage, giving water during lairage has also been suggested by the World Organization for Animal Health (Office International des Epizooties, OIE) since 2015. Since food withdrawal is a practice that minimizes contamination of intestinal contents during processing, the CL for fasting must also be set to allow for the emptying of the gut as well as for the welfare of the animals. Given that the chickens experience stress during transportation from farms to plants, a CL for lairage time is proposed to allow ample time for the chickens to recover from the transport stress, before the slaughtering process begins.
The Islamic teaching provides at least 3 concerns that might need to be addressed during lairage: 1) treat animals with kindness; 2) comfort the animals; and 3) provide food and water to the animals (relevant Qur'anic verses and Hadiths are listed in the supplementary table; Shahdan et al., 2016) . Based on these requirements, factors for a conducive lairage environment have been proposed (Table 3) .
CL for Immobilization to Facilitate Slaughtering (CP 3)
Shackling Shackling refers to hanging chickens on a moving belt to aid water-bath ES and/or neck cutting. A minimal time gap between hanging 2 live chickens on the shackles (t hang ) needs to be developed to allow for the screening of the birds as alive, injured, or dead. In the field survey, it was observed that t hang for one person was 2.0 ± 0.6 s (Table 4) to hang the chickens and remove any dead birds. Since shackles run at a constant speed, their speed needs to be synchronized with the neck cutting process (i.e., CP 4: act of slaughtering), which is slower, so this process is generally not limiting, as generally a little more time will be available (see CP 4 for further analysis) to provide gentle handling of the chickens as well as enough time to look for injured chickens. However, injured broilers are generally acceptable and are considered halal if slaughtered according to the Islamic slaughter method, which emphasizes merciful and gentle handling of the animals during slaughter. For this reason, OIE recommends that injured chickens be slaughtered before being hung on shackles for processing (OIE, 2016) .
Information on the specific Islamically acceptable techniques of immobilization of animals during slaughtering is scanty. However, in the Hadith, it is mentioned that tying up the feet of birds is forbidden (Hadiths are (s) 22 ± 2 a (n = 9) 10 ± 1 b (n = 9) 15 ± 1 c (n = 4) Time lapse between stunner and neck cutting, t lap (s) 5.7 ± 2.4 (n = 12) 5.7 ± 2.1 (n = 13) 3.3 ± 0.6 (n = 6) Time between neck cutting and scalding, t bleed (mins) 4:00 3:00 9:00 a-c Means within the same row marked with different superscript are significantly different (P < 0.05).
Mean ± standard deviation (SD).
listed in supplementary table; Shahdan et al., 2016) . Since shackling may be considered similar to tying up chickens by the legs, the use of shackles prior to immobilizing live chickens may need to be reexamined by the religious authorities. Some operations do slaughter the animals with the slaughter man holding the animal prior to placing them on the shackles. Shariah councils may also wish to explore alternatives to shackling, such as the use of cones (Lambooij et al., 1999) or modified shackling such as using breast-rubbing bars (Kettlewell and Hallworth, 1990) . The latter, for example, helps to calm the birds, thus follow the Shariah's recommendation for concern for the animals prior to slaughter. Longer durations for the shackling of live chickens (t shack ), i.e., the period between the start of shackling and reaching the stunner, is stressful (Bedanova et al., 2007) . In the field survey, t shack was recorded as less than 1 min (Table 4) . Therefore, for halal meat production, the CL for t shack was proposed as less than 1 min, which is also in accordance with the recommendation of the OIE (2016) ( Table 2) .
Stunning The CL when using water-bath ES in those slaughter plants where it is permissible for halalcompliant meat production must immobilize chickens and render them unconscious but not dead before the neck cutting. ES parameters such as voltage and current applied vary depending on the different equipment and sizes of the stunner. These need to be constantly monitored to be sure of proper operation.
Slaughter plants were found to use low voltages and currents such as 25 V, 55 V, and 52 mA (Table 5) , which led to the chickens remaining conscious after ES. Inadequate stunning occurs when insufficient current in the brain fails to induce an epileptic seizure (Sparrey et al., 1992) . Moreover, 32% (n = 17) of chickens were dead when stunned in the range of 45 to 100 mA (Hindle et al., 2010) .
Shariah councils may not consider it acceptable to incorporate ES in CPHS compliant poultry slaughtering if there is evidence that ES: 1) compromises the merciful slaughtering of the animals; 2) compromises the swift killing of the animals; 3) cause death prior to neck cutting; and 4 reduces the flow of blood during neck cutting (based on the Qur'anic verses and Hadiths in the supplementary table; Shahdan et al., 2016) .
ES has been reported to induce unconsciousness as demonstrated by the electroencephalogram (EEG) data, epileptic-like activity, and absence of somatosensory evoked potentials (SEP) (Gregory and Wotton, 1989 , 1991 Raj, 2006; Benson et al., 2012) . Although a current as low as 28 mA was shown to induce epileptic-like activity in chickens (Raj, 1998) , the recommended current for poultry stunning is 120 mA per chicken, which not only will induce epileptic-like activity but will also abolish SEP (Schutt-Abraham et al., 1983; Gregory and Wotton, 1991; EFSA, 2012) . For stunning to be acceptable for halal meat production, stunned chickens must be alive prior to neck cutting. In the field survey, the responsibility lies with the slaughter men to verify the viability of the chickens after coming out of the stunners, and this was generally done by observing spontaneous wing flapping and/or pupil reflex of the chickens.
The Islamic guidelines for slaughtering animals necessitates the maximum blood loss aided by the cutting of both arterial and jugular vessels (relevant Hadiths in the supplementary table; Shahdan et al., 2016) . Lowvoltage (11 V) stunning was reported to result in higher blood loss compared to high-current (125 mA) stunning (Craig and Fletcher, 1997) . This is in contrast to a study by Contreras and Beraquet (2001) , who found no difference in the blood loss between unstunned and stunned birds at 80 to 100 V (60 to 125 mA).
Based on the conflicting experimental evidence on pre-slaughter ES and considering the controversy on the permissibility of pre-slaughter stunning, the CL for ES must be assessed by scientific authorities working with the HCB or the appropriate Shariah councils, probably specific for each plant based on the stunning equipment available.
CL for Act of Slaughtering, Including Intention and Instrument Used (CP 4)
Tasmiyah Tasmiyah is the recitation of the bismillah (Arabic: in the name of Allah) by the slaughter man. It was observed that in all 3 plants, Muslim slaughter men recited tasmiyah for every chicken. There are 2 opinions about the frequency of the recitation of tasmiyah: 1) that tasmiyah needs to be said for every chicken; or 2) that tasmiyah can be pronounced once for a group of chickens, such as for chickens which are slaughtered in a continuous sequence by a slaughter man. The authors propose that the conditions of the tasmiyah, such as the frequency, the use of other languages than Arabic to recite the tasmiyah, or whether anyone who is present during the slaughtering (other than the slaughter man) is allowed to say the tasmiyah, must be decided by the Shariah council of the respective HCB.
Method and Instrument (Knife) for Neck Cutting In Islam, guidelines are provided including for suitable tools, methods and details of the cut for exsanguination. According to the Hadith, jugular veins and carotid arteries must be cut to ensure maximum blood loss and quick death of chickens, while leaving the spinal cord intact (Shahdan et al., 2016) . If a knife or disposable scalpel blade is used, important features of the knife include the sharpness of the knife, the absence of nicks, and the method used to sharpen the knife. It is forbidden to sharpen the knife in the sight of the animals (based on the Hadiths in the supplementary table, Shahdan et al., 2016) . As reported by Grandin and Regenstein (2016) , the length of the knife should be twice as long as the width of the neck of the animal to be cut so that a complete, uninterrupted cut can be made across the major vessels. This is important for swift slaughtering, as recommended in Islam. The sharpness of the knife, which sometimes is defined as a razorsharp knife that must be free of nicks (Grandin and Regenstein, 2016) , prevents excessive blood vessel damage. Notably, the extent of tissue damage affects the activation of the clotting factors that would otherwise inhibit blood loss (Kaibara et al., 1986; Minors, 2007) . Blood clotting is initiated by the release of a number of cytokines, which are mostly from thrombocytes followed later by the formation of a platelet plug (Gurtner et al., 2008; Guo and Dipietro, 2010) . Hence, greater damage to blood vessel as a result of using blunt knives causes more efficient blood clotting. Following the initial events triggered by the cut, wound healing takes place with the infiltration of inflammatory molecules such as cytokines (Stroncek and Reichert, 2008) , which are also linked to inflammation-related pain (Millan, 1999) . Thus, neck cutting using a sharp knife without nicks is more effective for blood loss and death with less pain.
Time Lapse Between Stunning and Neck Cutting The time lapse between the chickens coming out of the stunners to reach the neck cutting (t lap ) point was recorded as 2 to 7 s (Table 5) . During this time, the slaughter men are expected to recite tasmiyah, perform neck cutting and rinsing the knife for the next chicken. For halal slaughter plants that allow stunning, screening for the live chickens would be an added job for the slaughter men.
Based on the laboratory experiment, the time required for passing the knife through flowing tap water (rinsing), recitation of the tasmiyah, and cutting the neck was at least 5 s. Thus the CL for t lap is proposed as a minimum of 5 s in halal-compliant poultry slaughter plants ( Table 2 ).
Note that if a slaughter plant employs more shacklers to shackle chickens with a gap of less than 5 s between 2 chickens (i.e., t hang = 2.5 s), 2 slaughter men will be required to do the slaughtering.
Machine Slaughter The issue of machine slaughter has not been discussed in this report, mainly because all slaughter plants operating for halal meat in Malaysia use hand slaughter only to process the chickens. In Australia, for example, machine slaughter has been used to produce halal poultry meat. Aside from the issue of the recitation of tasmiyah, if pre-slaughter ES is used, a person or a closed circuit television must be in place to ensure the chickens are still alive after stunning. A number of plants are using machine-slaughter systems based on positive rulings by their HCB. The use of machine slaughter for halal needs to identify the: 1) religious background of the personnel engaged in turning on/off the blade; 2) mechanism of reciting tasmiyah for each bird passing through the blades, i.e., either using an audio recorder or by having a Muslim saying it; and 3) personnel engaged in the blood pit to slaughter those birds whose cut was incomplete. Therefore, although the CL for machine slaughter are not proposed in the current study, the HCB must continue to monitor the practice of machine slaughter in halal slaughter plants.
CL for Bleeding Time (CP 5)
According to the requirements for halal poultry slaughtering, the cause of death should not be other than the neck cutting (i.e., stunning or scalding are unacceptable causes of death) (Shahdan et al., 2016) . Therefore, it is important to ensure that the chickens are dead before they enter the scalding tank. Since definition of death may vary depending on how it is defined in terms of the death of the vital organs such as the brain and heart (Sade, 2011) , respective HCB in conjunction with the scientific community may decide on the signs that must be monitored to screen for live chickens before scalding is permitted. Notably, 2 of the plants had placed a person ahead of the scalding tank to observe the absence of spontaneous wing flapping and heartbeat.
During the field survey, it was observed in one of the plants that 3 out of 200 chicken broilers showed signs of a heartbeat as they were entering the scalding tank and thus were immediately removed from the line and only returned to the line once the heartbeat was stopped. In the same plant, the time traveled by the slaughtered chickens after neck cutting and before they entered the scalding tank (t bleed ) was recorded as 3 min (Table 5) , while t bleed for the other 2 plants were 4 min and 9 min (Table 5) . It was observed during the laboratory experiment that the time required for chickens to have no spontaneous wing flapping, followed by the absence of pupil reflex and signs of heartbeat after neck cutting (t d ) varied from 27 s to 9.5 min (Table 6 ). Laboratory experiments also found that 33 chickens (72%) had t d that was more than 3 min. Thus, should these chickens be slaughtered in a commercial plant that has a t bleed of 3 min, the meat of these chickens may not be considered as halal since those chickens would have entered the scalding tank while they showed signs of heart beating, wing flapping, and pupil reflex, which are considered as signs of life. Several reasons could be associated with the variation of t d such as inefficient neck cutting and different BW of the chickens. Based on the data from the laboratory experiments, the correlation of BW or stunning with t d can be calculated. The BW of the chickens was found to have no correlation with t d (P = 0.08; Table 7 ). This is likely due to the small variation of BW among the birds studied.
Stunning parameters tested such as voltage/current and resistance were also found to have no relationship with t d (Table 7) . R chick depends on the changes in voltage and current during stunning and body impedance is multifactorial as it is affected by health, fat mass, morbidity and gender (Sparrey et al., 1992; Dey et al., 2003) . Since the equipment was not adjusted to the bird's status, it is reasonable that the voltage/current applied during ES would have no effect on t d . Therefore, the CL for t bleed is proposed as ≥9.5 min. It should be highlighted that longer t d such as 9.5 min will not incur any loss in terms of the number of chickens processed per day, as it would only delay the start of scalding but would insure that chickens are not alive when they enter the tank. It would require an initial investment in extra shackles to cover this extra time but this would be cost effective in the long run as a person would then not need to be stationed at the scald tank.
CL for Washing and Packaging (CP 6) Poultry meat should be handled so it will maintain its quality and be hygienic and adulteration-free as it moves out of the control of the plant and into the hands of the distribution chain and the consumer. Thus, the CL for CP 6 is washing the carcass to remove any remaining fecal matter and dirt before deboning and cutting the whole carcasses into parts. If secondary processing takes place in the same plant, such as the making of nuggets or sausages, then the ingredients used must not contain blood (i.e., as a binding agent (Ofori and Hsieh, 2011) ) or pork (e.g., pork natural casings to make sausages). Another CL for CP 6 is to ensure that the materials used for packaging are also free of haram substances (e.g., pork-based stearates). Some HCB will also want to be sure that no slaughtered animal products are used from animals that are inherently halal but were not slaughtered halal.
Training Personnel to Operate the CPHS Program
All staff involved in the CPHS program from the top management levels to the personnel at the slaughter plants must receive CPHS related training on their respective responsibilities. However, a general guideline should be introduced to all of the staff about the concepts of halal, haram, and shubhah. Trainings can be provided in the form of hands-on, video and/or other non-language based training. Ideally, as suggested by the OIE (2016), the personnel working with live animals must be persons who recognize and respond humanely to the welfare of the chickens. Very often, a system and standard are based on comprehensive manuals and a theoretical framework on paper, but lack implementation and enforcement (Yapp and Fairman, 2006; Martinez et al., 2007) . Thus, CPHS trainers must transfer the knowledge of CPHS program, both in terms of the Islamic guidelines of animal welfare and slaughtering, as well as the production skills needed by the poultry industry, to the people in the industry producing halal meat to successfully implement the CPHS program. Refresher courses and continuous attention by management are required to make these programs successful on a continuous basis.
CONCLUSIONS
The CPHS program ( Table 2 ) that identifies and monitors the CL at each CP during meat processing is a systematic monitoring system to identify steps in poultry meat production, facilitate the industry's ability to meet that certification body's halal requirements and assure the halal integrity of the final product. The CL proposed in this study must be validated according to the Shariah of a particular country and/or certifying agency. In many cases, the HCB must consult with the scientific community who could offer scientific data that would help the authority to develop the appropriate CL for the conditions in a particular plant.
